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I try here to answer two questions:
e how strong is the effect of Coulomb scattering in a D-T collider, is it forbidding, manageable or
negligible?
e s it possible compensate it with ionization cooling?

1. Coulomb scattering starting from first principles:

Consider a particle with momentum p=mv moving between scattering centers of density n,.
(Transformation from the lab frame where particles move with velocities vi,: v=v{- Vo, m=
mymy/(m;+ my) = 6/5 m;, in d+t case).

The change in the transverse momentum p; (p1<<p by assumption) after passing one scattering center
is:
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Let us take for certainty x-component of the momentum (px = p1 cos®). After passing a number of
centers
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For randomly distributed scattering centers the average over realizations is
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For a continuous distribution with density n,(r) the summation should be replaced with integration:
Y, —2x [n,(r)rdrdz “4)

The lower limit of integration is ~ the nucleus radius, the upper limit in the absence of the Debye
screening is ~ the beam radius a.
Introducing (small) scattering angle 6 = p,/p we have in the case of constant density:
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Probability of fusion increases at the same time as
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While it reaches 1 the scattering angle increases to
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Let us make a numerical estimate: v=0.01c, of =5- = mz, In=30, then B, 2 ~200. This number can be
made somewhat smaller by increasing v, but still it will remain large enough to make cooling
necessary.

The scattering angle in the lab frame for both species is exactly the same as (7) in the case of equal
momenta.

2. Can ionization cooling help?

The principle of ionization cooling (or any other based on losses) is illustrated in this drawing:

absorber b 4 RF
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Let d<<1 be the fraction of total momentum lost in the absorber:
A SUEs 1 P PRl IOVE (8)
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RF restores only the longitudinal component to its initial value. The amount of energy taken from the
cavity therefore is:
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The decrease in the trajectory slope (cooling) can be linked to this energy as
AF =2646 % —26° 6= -G ATT (10)

To counteract scattering which would otherwise increase 6 up to the value 05, given by eq.(7) the total
energy gain in RF should be

ATT = 8., /6., - (11)

Assuming O =~ 0.1 (which is already too large) and taking from the previous section g, =200 we
see that amount of RF energy which should be imparted into a d+t pair in the case of equal d and t
momenta is

g
AT~LE (T, + T,)~2- 10° X 60keV = 120 MeV’
F%q (12)

Taking into account that only ~20MeV is released in d+t fusion and that scattering in the absorber itself
will significantly contribute to 6, the whole idea seems hopeless.
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